Introduction
Evidence from scientific studies points to the important role of physical activity in health promotion and quality of life and the prevention and control of various diseases 1 . However, for individuals in specific physiological conditions, such benefits may not always occur, or are valid with certain restrictions.
Until a few decades ago, pregnant women were advised to reduce their activities and even interrupt their occupational work, especially in the final stage of pregnancy 1 . However, since the 1990s experts have admitted the positive effect of regular physical activity during gestation and have even encouraged it, as long as the woman does not present specific adverse conditions 2 .
In fact, there appears to be a consensus that maintaining light to moderate physical activity during an uncomplicated pregnancy provides various benefits for the woman's health 3 . This is explained by the fact that physical activity causes a thermal response and circulatory redistribution, shifting the blood concentration from the uterus and placenta to the extremities. This process helps reduce and prevent lower back pain, fosters lower liquid retention, reduces cardiovascular stress, increases the oxygenation capacity, decreases blood pressure, reduces the risk of gestational diabetes, prevents thromboses and varicose veins, and helps control gestational weight gain 4, 5, 6 .
The advantages also include emotional aspects, since physical activity helps make the pregnant woman more self-confident and satisfied with her appearance, in addition to raising her self-esteem, thus reducing the risks of postpartum depression 1, 3 .
However, physical activity during pregnancy still raises some controversy. According to Gallup 7 , the published studies and guidelines on physical activity during pregnancy are insufficient. According to Morris & Johnson 8 , although limited, the literature suggests that practicing moderate exercise during a pregnancy with no additional risks does not lead to undesirable outcomes for either the mother or the fetus. These authors go on to contend that more studies are necessary.
In addition, the benefits of physical activity during pregnancy do not appear to be widely publicized, and some consider the theme a taboo. Many women believe that the physiological limitations posed by pregnancy prevent them from participating in programs that promote regular exercise 9 . Others believe that to remain rested and relaxed during pregnancy is significantly more important than exercising or maintaining an active lifestyle 10 .
Considering the persistent controversies on the theme, the current study aims to conduct a systematic review of the scientific articles on the association between physical activity during pregnancy and the occurrence of maternal-child health outcomes. The review focused specifically on two aspects of pregnant women's physical activity: occupational physical activities and leisure-time physical activities. The former include activities pertaining to the individual's occupation (paid or unpaid), i.e., all activities performed in their place of work, including housework. Leisure-time physical activities include activities performed with the purpose of health promotion or simply for leisure.
Methods
The search was conducted in July 2006, and the articles were identified through a literature search of the MEDLINE and LILACS databases, using the following key words: (physical activity OR physical exercise) AND (pregnancy OR gestation). As the inclusion criteria, the articles had to have been published from 1980 to 2005, in Portuguese, English, or Spanish, and refer to crosssectional, case-control, or follow-up (cohort) epidemiological studies. The principal outcomes of the studies had to be preeclampsia; gestational arterial hypertension; gestational diabetes mellitus; gestational weight gain; miscarriage; mode of delivery; fetal growth or development; birth weight; length at birth; or prematurity.
The search process initially involved a survey of the references based on the key words, which located 3,313 articles. These references were then sifted using some of the inclusion criteria as search filters: articles with an available abstract (2,703); published from 1980 to 2005 (2,488); with a sample consisting of humans (1,269); females (1, 178) ; and published in English, Portuguese, or Spanish (1,085).
The second stage of the process consisted of reading the remaining 1,085 abstracts, based on which the other inclusion criteria (study design and target outcomes) were verified. After excluding review articles, articles on studies with an experimental design, and those that did not aim to study any of the selected mother-child outcomes, 39 studies were identified as adequate for inclusion in the present study. It was not possible to obtain access to two of these articles, so the final total was 37 studies. Figure 1 , based on the proposal of the International Committee of Medical Journal Editors 11 , presents a flowchart with a brief demonstration of all the stages in the article selection process for the present review.
To conduct an appraisal of the studies' methodological quality, each of the selected articles received a score, according to the criteria proposed by Downs & Black 12 . The original checklist was adapted, ruling out the criteria related exclusively to intervention studies. Nineteen items were thus evaluated, allowing a maximum score of 20 points. Table 1 shows the items actually evaluated.
The studies were evaluated independently by two of the authors of the present review (E. B. S. and M. M. S.). The concordance in the scores assigned by the evaluators was also assessed using the Intra-Class Correlation Coefficient (ICC). The result was classified according to the scale proposed by Shrout 13 to measure concordance between different evaluation methods. This scale consists of five categories: virtually no concordance (< 0.1); weak (0.11-0.40); reasonable (0.41-0.60); moderate (0.61-0.80); and substantial (0.81-1.0). To rule on possible discordances in assigning scores to the articles, a third author (G. K.) was consulted.
The studies were organized according to the following: year of publication; country of origin; language; study design (cohort, case-control, cross-sectional); physical activity measurement instrument; sample size; maternal-child health outcomes; age of individuals studied (years); results; estimators used in the analysis and scoring of the methodological quality.
Finally, the studies were grouped that found similar results as to a given outcome, with the objective of systematizing and facilitating the understanding of all the reviewed articles' findings. Next, the mean of the scores assigned to the studies included in each group was calculated. No articles were rejected because of methodological limitations, but the findings were considered more consistent in the studies that received higher scores.
Results
As shown in Table 2 , the largest concentration of published articles (20) was in the 1990s. However, there was also an upward trend in publications on the subject, given that 11 studies were published in the first five years of the current decade. The majority of the studies were from the United States, and the only one conducted in Brazil 14 was also the only one not published in English.
Among the observational studies that evaluated possible associations between physical activity and maternal-child health outcomes, those with a prospective cohort design were the most common. Questionnaires were the most widely used instruments, reinforcing this as the most feasible option for measuring physical activity in epidemiological studies 15 . The sample sizes varied from 67 to 21,342. Table 3 shows that of the 37 articles reviewed, 15 used birth weight as the dependent variable, making this the most widely studied outcome. Among the articles that informed the participants' age (26) , only five reported having included pregnant women younger than 18 years in their sample.
The mean methodological quality score was 15.8 points, with 9 and 20 points as the minimum and maximum obtained, respectively. The result of the comparison between the scores assigned to the studies by the different evaluators (ICC = 0.898; 95%CI: 0.835-0.961) indicates a high level of concordance, having been classified as the highest (substantial concordance) in the qualification scale used. Table 4 provides a synthesis of the principal results of the current review. Physical activity does in fact appear to reduce the risk of preeclampsia and gestational diabetes. The results were conflicting for other outcomes, like miscarriage and gestational weight gain control. The same was true for the fetal and childhood outcomes. Some studies do not describe a harmful association between physical activity in pregnancy and inadequate weight gain or prematurity, however some specific activities, like climbing stairs or working for extended time on one's feet were identified as risk factors for these outcomes.
Few studies were identified on the effects of physical activity during pregnancy on fetal growth or development, length at birth, and mode of delivery.
Discussion
The production of scientific material on physical activity in pregnancy and its effects on maternalchild health outcomes has increased substantially, mainly in the last decade. According to some authors 3, 8, 16, 17 , light-to-moderate exercise also provides health benefits during pregnancy, so women should be encouraged to maintain an active lifestyle during gestation. The results of some of the reviewed articles corroborate the opinion of these authors.
Considering both light and moderate leisure-time and occupational physical activities, physically active pregnant women show a decreased risk of developing preeclampsia 18, 19, 20 , hypertension 18, 20 , and gestational diabetes mellitus 21, 22, 23 . However, in relation to the other maternal outcomes, the results tend to be conflicting. Four studies analyzed leisuretime physical activity in relation to miscarriage 24, 25, 26, 27 , and their results did not indicate an increased risk of this outcome among physically active pregnant women. Importantly, however, the studies that pointed to high-intensity occupational activity as a risk factor for miscarriage 28, 29 were precisely those that showed greater methodological care, among other reasons because they based their conclusions on stratified analyses rather than crude data.
In a recent study 30 , physical activity was identified as one of three behavioral determinants for gestational weight gain control. However, the studies reviewed here did not agree as to the hypothesis of greater control of weight gain among pregnant women who exercise regularly. Five of the articles reviewed 27, 31, 32, 33, 34 studied this relationship, and three of them 27, 32, 33 did not support the hypothesis. However, the three were precisely the ones with the lowest methodological quality scores or which failed to report the method used to evaluate this outcome.
Only four articles evaluated the effect of physical activity on mode of delivery, of which three 27, 32, 33 failed to show significant differences between caesarian rates in women with and without exercise during pregnancy. Only one study 39 showed an association between physical activity and mode of delivery, suggesting a considerably increased risk of caesarian among sedentary pregnant women.
As for fetal and childhood outcomes, the results also failed to show a consensus, but once again light or moderate physical exercise was not identified as a risk factor. As for birth weight, numerous studies 25, 32, 33, 36, 37, 38, 39, 40, 41, 42 showed that there is no increased risk of low birth weight for pregnant women who practice leisure-time physical activities.
Among the studies that analyzed physical activity as a predictive factor for low birth weight, some 27, 34, 43 showed a subtle association, but the mean weight of the newborns was not inadequate in any of the groups studied. However, other studies 42, 44 identified some specific activities (e.g., doing laundry on standing on one's feet for hours on end), but not regular physical activity in general, as risk factors for inadequate birth weight.
The same was observed in studies in which the principal outcome was gestational age at delivery. Numerous articles either found no association or reported a protective effect for physical activity during pregnancy in relation to premature birth 27, 32, 33, 34, 36, 40, 42, 45, 46, 47 . Again, some specific activities, like climbing stairs and occupational activities that require standing for prolonged periods or cause fatigue and require Table 1 Downs & Black criteria 12 used in the methodological evaluation of the articles.
Criteria

1.
Clarity in the description of the study hypothesis or objective(s) agility, were identified as risk factors for premature birth 25, 48, 49 .
Little is known about the effects of physical activity on fetal development. Only two studies with this focus were identified, one with the objective of evaluating the effects of occupational activities on intrauterine growth retardation 50 and the other on leisure-time physical activities and the occurrence of neural tube defects 51 . Apparently, light occupational activities do not cause problems with the fetal growth rate, but the same was not reported for women who maintained moderate or high-intensity activities. According to the authors of the second Table 2 Year, country of origin, language, design, instrument for measuring physical activity, and sample size of selected studies on physical activity in pregnancy and 38 miscarriage classified according to intensity of physical activities as light, moderate, or incidence vigorous, respectively, but these differences were not statistically significant.
The same was observed for fetal death rates (1.3%; 1.0%, and 1.3%, respectively).
Did not report whether the sample included premature newborns. showed an increase of some 300g in birth weight (276g; 95%CI: 54-497g).
Did not report whether the sample included premature newborns. et al. 51 tube defects showed a 30-50% lower risk of neural tube defects as compared to sedentary pregnant women. After adjusting for potential confounders, this association was study, leisure-time physical activity appears to play a protective role against the occurrence of neural tube malformations.
As for length at birth, only one study was located 52 , showing a decreased risk of large-forgestational-age neonates among physically active pregnant women, but the study's methodological quality score was not one of the highest.
Two selected articles were not included in the present review due to lack of access to the full text. One of the articles 53 investigates the effects of physical activity during pregnancy on labor among mothers of premature infants. Based on the results, the authors suggest that physical activity in pregnancy can substantially reduce (by up to 32 minutes) the duration of the second stage of labor, as well as the risk of obstetric complications in this group of women. The second article 54 describes the results of two studies that investigated the effects of jogging during pregnancy. In the first, no significant differences were observed between the groups of mothers who jogged (versus those who did not jog) in relation to gestational weight gain and birth weight. Few obstetric complications were also observed in the group of women who jogged during pregnancy.
The second study refers to the effects of jogging on maternal and fetal heart rates, and was outside the scope of the current review.
Although more than a decade has transpired since the first recommendation by the American College of Obstetricians and Gynecologists (ACOG) 2 in favor of physical activity during pregnancy, little knowledge has been accumulated on the effects of this continuous practice on outcomes like fetal development, length at birth, miscarriage, mode of delivery, and gestational weight gain control. However, for other outcomes like birth weight and prematurity, a consensus appears to be taking shape that light or moderate leisure-time or occupational physical activities do not constitute a risk factor, and in some cases may be considered a protective factor.
Although displaying some important limitations, several studies received high scores for their methodological quality. The internal consistency of the scores assigned to the studies gave greater robustness to this evaluation. Among the Downs & Black criteria 12 considered here, the principal limitations observed in the studies were: failing to commenting on the sample's representativeness, not presenting the list of * Refers to studies that identified moderate to vigorous leisure-time physical activity or certain characteristics of occupational physical activities, for example, standing for long hours, as a risk factor, but not physical activities as a whole. The number of asterisks represents the studies with this characteristic.
Note: the same study can appear in more than one box in the Table. the principal confounders and/or not including them in the analysis or not making this clear in the text, and not presenting the study's power to detect differences between the groups. The lowest scores were assigned to articles from the first two decades, suggesting that current studies are possibly being developed and reported with greater methodological care. Since this review was conducted in databases with rigorous indexing criteria, incorporating only articles published in certain languages, a publication bias cannot be ruled out. Importantly, the description was rather precarious for the individuals comprising the samples in some of the studies reviewed here. Gottlieb 55 , in a brief communication, suggests that some of the contradictions observed in the results of studies on physical activity in pregnancy may result from the different methodologies, particularly differences among the individuals comprising the samples.
In relation to the sample group, Dye & Oldenettel 56 already indicated that analyses based on special groups like elite athletes may lead to an error in their comparison with sedentary pregnant women. The present review did not include studies that specifically analyzed pregnant athletes. Even so, it is not difficult to imagine that physically fit pregnant women, with physical activity incorporated into their lives as a daily practice since before pregnancy, may constitute a particular group, quite different from sedentary pregnant women. The results of some of the studies reviewed here even demonstrated these peculiarities by presenting different effects for groups of pregnant women who practiced leisure-time physical activities before pregnancy and those who began exercising during gestation. Therefore, the knowledge should be interpreted in light of this consideration.
Another aspect that merits reflection is the fact that the Downs & Black criteria 12 do not include any assessment of the quality of the research instruments or the exposure measurement process. Since most of the studies used questionnaires to assess the target phenomena, it would be interesting for future reviews to systematically incorporate these important methodological aspects.
The authors of the current review believe that the ACOG recommendations, especially those referring to care in the monitoring and follow-up of pregnant women, should be considered the baseline for any proposal to encourage a more active lifestyle for women experiencing the unique physiological moment of pregnancy.
In addition, the information presented here on what are considered risk activities for the oc-currence of certain maternal-child health outcomes should be widely publicized and especially incorporated into prenatal care guidelines. We were only able to find vague guidelines from the Brazilian Ministry of Health concerning physical activity during pregnancy. The Ministry's technical handbook for prenatal care and postpartum follow-up 57 suggests that physical activities should be encouraged to assist control of blood pressure and that pregnant women presenting gestational diabetes mellitus should exercise regularly. However, there was no recommendation for pregnant women as to exercise modality or even frequency.
Although light-to-moderate physical activity does not appear to be significantly associated with increased risk, more studies are needed to fill the gaps identified here. Most studies in the current review lacked any kind of standardization as to the type of activities evaluated, merely defining them as either leisure-time or occupational physical activities. It thus becomes practically impossible to compare the studies' results, so that discussion of the findings becomes basically descriptive.
The definition of physical activity encompasses a series of aspects including all voluntary activities, like leisure-time, domestic, occupational, and commuting activities 60 . When counseling the pregnant woman as to physical activity during pregnancy, it is thus necessary to mention the frequency, intensity, and duration of such activities. These are the points that appear to lack the most information, since neither the ACOG nor the Brazilian Ministry of Health guidelines mention such specifications. 
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